88         THE NEWER KNOWLEDGE OF NUTRITION
amino acids in peptide union. Studies of proteins by physical methods
demonstrate they they exist in the form of polypeptide rows, folded
so as to make the molecules compact. Apparently these rows are held
together by secondary valences.
In this brief introduction to a discussion of proteins and amino
acids in their relation to nutrition, we are especially concerned with
the yields of amino acids, since these constitute the "building stones"
for the construction of tissue proteins. It is largely upon these yields
that the nutritive value of proteins depends. Students who desire to
learn the technic by which present-day investigators are making prog-
ress in determining the structure of protein, viz., the order in which
individual* amino acids are linked in the protein molecule, are referred
to the recent papers by Bergmann and his coworkers (1936). How-
ever, in view of the recent fondamental progress in protein structure
it is profitable, even in a textbook of nutrition, to include some of
the information available at present concerning the subject.
The classical studies of Emil Fischer on the synthesis of poly-
peptides demonstrated that protein molecules are essentially peptide
chains composed of many amino acid units. The differences in solu-
bility, temperatures of coagulation, and yields of the various amino
acids, show that proteins from diverse sources are of different com-
position, Serological studies have shown that each species synthesizes
characteristic and specific proteins from the heterogenous mixture of
amino acids which are absorbed from the digestive tract after the
digestion of "foreign" food proteins.
The possible number of combinations of the 22 known amino
acids in peptide chains is astronomical in magnitude. It is desirable
that we understand the properties of protein molecules from different
sources, as expressed in molecular weight, amino acid composition,
arrangement of the amino acids in the peptide chains, and configura-
tion of the molecules. Significant advances have been made in recent
years in these directions.
Svedberg ('34) perfected the technique of determining the molecu-
lar weights of proteins by observing the rate at which they sediment
in centrifugal fields. With the ultracentrifuge, which he perfected,
solutions can be subjected to forces up to 400,000 times gravity. Colloi-
dal systems, like gold sols, are by this procedure shown to contain
a continuous series of particles of varying mass and form. A protein
solution, on the other hand, is either homogeneous with regard to
particle mass and shape, or contains a limited number of particle
species of different mass and shape. Each species proves to be homo-
geneous in these respects. The measurement of molecular sedimenta-
tion in centrifugal fields shows that most of the native proteins are
homogeneous as regards molecular weight within certain pH ranges.